2. Nicotinamide -Zincke salt formation Nicotinamide (0.01 g, 0.83 mmol), 2,4-dinitro-chlorobenzene (0.5 g, 2.4 mmol) were dissolved in anhydrous DMSO (2 mL). Figure S1 . High-resolution proton NMR spectrum of nicotinamide and 2,4-dinitrochlorobenzene (3:9) in anhydrous dimethyl sulfoxide (DMSO), 64 hour-reaction time, recorded in methanol-d 4 using Bruker 400 MHz NMR spectrometer. Figure S2 . High-resolution proton NMR spectrum (aromatic region) of nicotinamide and 2,4-dinitro-chlorobenzene (3:9) in anhydrous dimethyl sulfoxide (DMSO), 64 hourreaction time, recorded in methanol-d 4 using Bruker 400 MHz NMR spectrometer.
Preparation procedure for nicotinamide-1-15 N 1, 2 and corresponding NMR, HR-MS spectra
Nicotinamide (4.00 g, 33 mmol), 2,4-dinitro-chlorobenzene (20.0 g, 99 mmol) and anhydrous DMSO (8 mL) were placed in an oven-dried round bottom flask (50 mL) supplied with a magnetic stir bar. The solids were dissolved by slight heating at ~ 45 ˚C and left to stir at the room temperature for 5 days under the inert atmosphere (Argon).
To an oven-dried round bottom flask (500 mL) anhydrous acetone (90 mL) was added. After that the reaction mixture (above) was poured rapidly into the acetone solution. White amorphous residue was formed on the bottom of the flask. Acetone was decanted carefully, leaving the residue on the bottom of the flask. Another portion of anhydrous acetone (70 mL) was added rapidly, and the flask was rotated several times and left for several minutes before acetone was carefully decanted from the residue. The acetone wash was repeated two more times. The flask was placed on a rotational 
evaporator to remove last traces of acetone from nicotinamide-Zincke salt. Anhydrous methanol (100 mL) was added, the flask was flashed with Argon and put aside.
To an oven-dried round bottom flask (3 L) supplied with a stir bar, ammonium-15 N chloride (99 mmol, 5.40 g) and anhydrous methanol (1.2 L) were added. The solution was cooled to 0 ˚C and sodium methoxide methanolic solution (5.4 M, 92 mmol, 17 mL) was added drop wise. After that methanolic solution of nicotinamide-Zincke salt (described above) was added drop wise to the flask. The resulting solution was left to stir under the inert atmosphere (Argon) for 2 days. Activated carbon (2.00 g) was added and solution was filtered 20 minutes later. The filtrate was evaporated under the reduced pressure and the residue was re-suspended in HPLC grade water (40 mL). Activated carbon (1.00 g) was added to the solution; the solution was filtered and the filtrate was evaporated under the reduced pressure. The residue was re-dissolved in HPLC grade water (40 mL), pH was adjusted to ~ 12 with sodium hydroxide solution, and activated carbon (~1 g) was added. The solution was filtered and evaporated under the reduced pressure. The resulting residue was re-dissolved in HPLC grade water (40 mL) and the pH adjusted to ~ 6 with diluted (0.1 N) hydrochloric acid. It was evaporated to dryness in vacuo, suspended in anhydrous ethanol (120 mL), filtered and evaporated under the reduced pressure. Crude nicotinamide-1-15 N was recrystallized from 2-pentanone (30 mL). Please note: nicotinamide tends to sublime in boiling 2-pentanone, hence the duration of the recrystallization should be kept as short as possible. Yield = 2.2g (55 % over two steps, 15 N purity = 98% based on MS-HR spectrum peak integration). 
Experimental Procedure for 15 N SABRE-SHEATH using natural abundance methanol and pyridine-aided SABRE-catalyst activation
The stock solutions were prepared in Scott's Duran brand 25 mL bottles with polypropylene caps using the following steps: Stock solution I: Pyridine (24.0 mM) with Iridium catalyst, [IrCl(COD)(IMes)] 3 (6 mM) solution in methanol was prepared in the following manner. Pyridine (19.0 mg, 0.24 mmol) was added into Scott's Duran 25 mL bottle immediately follow by anhydrous methanol (5.0 mL). After that [IrCl(cod)(IMes), MW = 640, 38.0 mg, 0.06 mmol] was added followed by addition of another portion of anhydrous methanol (5.0 mL). The bottle was flushed with Argon, vortexed at least three times.
Stock solution II:
The solution of nicotinamide-1-15 N (100 mM) was prepared by dissolving nicotinamide-1-15 N (61.5 mg, 0.50 mmol) in anhydrous methanol (5.0 mL) in Scott's Duran 25mL. The bottle was flushed with Argon, vortexed at least three times.
A medium-walled NMR (5 mm medium wall precision (3.43 mm ID), NMR sample Tube 9 in. long, Wilmad glass P/N 503-PS-9) tube equipped with the Teflon tube (0.25 in. OD, 3/16 in. ID) extension, which was approximately 7 cm long, was flushed with Argon at least three times and kept vertical while Stock solution I (0.25 mL) was added via Ranin XLS pipet. The tube was attached to the previously described setup 4 through wye push-to-connect adapter. 4 The sample was activated by running parahydrogen (para-H 2 ) at 130 sccm (for 1min) at 30 sccm (for 4 min) flow rate at ~6.5 atm para-H 2 (50% para-fraction) pressure with flow rate controlled by the mass flow controller (Sierra Instruments, Monterey, CA, model number C100L-DD-OV1-SV1-PV2-V1-S0-C0). The pressure was gently released and the Stock solution II (0.25mL) was added rapidly via Ranin XLS pipet. The sample was reactivated activated by running para-H 2 at 130 sccm (for 1 min) at 30 sccm (for 4 min) flow rate at ~6.5 atm para-H 2 (50% para-fraction) pressure with flow rate controlled by the mass flow controller. The pressure was released and the sample was taken from the apparatus, capped and stored in the refrigerator (5-10 °C) overnight. Next day, the sample was reactivated by running para-H 2 at 130 sccm (for 5 min) at flow rate of ~6.5 atm para-H 2 (50% para-fraction) pressure with flow rate controlled by the mass flow controller. The experiment was performed in as described earlier by running para-H 2 at 130 sccm, ~6.5 atm para-H 2 (50% para-fraction).
4.
15 N T 1 measurements T 1 data was acquired using 16 experiments (with 10 o RF pulse each) carried out on the same sample of 15 N hyperpolarized nicotinamide-1-15 N with time intervals = 1 + equal to 4+1.1=5.1 s between each experiment. The fitting resulted in ) *++ = 19.1 ± 0.22 s (main text Figure 2D ). T 1 was corrected for the presence of tipping pulse using the following equation:
where is the RF pulse tipping angle. Using the parameters mentioned above it was calculated that T 1 =20.2±0.3 s. 15 N SABRE-SHEATH) and thermally polarized (at 9.4 T and ~298 K) reference samples respectively, C HP and C THERMAL are the concentrations of hyperpolarized (~50 mM) and thermally polarized reference (neat 15 N-pyridine at ~12,500 mM) samples respectively, 1.85 is a factor originating from different effective NMR tube inner cross-section (different 5 mm NMR tube setups were employed for hyperpolarized and thermally polarized samples respectively), 4 and 3.3*10 -4 % is 15 N equilibrium thermal nuclear spin polarization at ~298 K and ~9.4 T.
For the data set shown in Figure 2B (obtained using ~50% para-H 2 ) of the main text ε )89 = )8.M For the data set shown in Figure 2C (obtained using ~50% para-H 2 ) of the main text ε )89 = OT.U 
